Introduction: The conventional method for measuring the ankle-brachial index (ABI) requires a vascular Doppler machine and a trained professional, which is a barrier to the examination becoming more widely adopted across health services. For this reason, the possibility of substituting Doppler monitors for other types of device has been investigated. The objective of this study was to assess the validity, reliability and accuracy of taking ABI measurement using oscillometric devices and compare them to vascular Doppler. Methods: This is an integrative literature review of four articles. Results: There was very little uniformity between the four studies in terms of ample populations or the methodological procedures used to measure systolic pressures. The results for sensitivity, specificity and positive and negative predictive values varied and so did measures of reliability. Conclusions: The results of these studies do not provide a basis from which conclusions can be drawn on the validity, reliability or accuracy of employing oscillometric devices as a substitute for Doppler for determination of ABI.
METHODS
This was an integrative literature review conducted over the following stages: identification of the subject; definition of the research hypothesis and research question; definition of the study inclusion and exclusion criteria; selection of the information to be extracted from the studies thus chosen; reading of studies chosen for integrative review and interpretation, presentation and discussion of results. 8 The Patient, Intervention, Comparison, Outcomes strategy (PICO) 9 was used to formulate the following question: 'Are the ABI results obtained when oscillometric devices are used to measure SBP effective and reliable when compared with the results obtained using the gold standard method (Doppler) in patients with PAOD?'
The following databases and search strategies were used to identify articles:
• Pubmed: "Peripheral Arterial Disease OR Peripheral Vascular Diseases" AND "Blood Pressure Determination" AND "Reproducibility OR Validity OR Reliability" • Europe Pubmed Central: "Peripheral Arterial Disease OR Peripheral Vascular Diseases" AND "Blood Pressure Determination" AND "Reproducibility OR Validity OR Reliability" • Scopus: TITLE-ABS-KEY ("peripheral arterial disease" OR "peripheral vascular disease") AND TITLE-ABS-KEY ("ankle brachial index" OR "doppler" OR "oscillometric" OR "automated") AND TITLE-ABS-KEY ("validity" OR "reproducibility" OR "reliability" AND PUBYEAR > 2007 • Isi Web of Science: Topic = ("peripheral arterial disease" OR "peripheral vascular disease") AND Topic = ("ankle brachial index" OR "Doppler" OR "oscillometric" OR "automated") AND Title = ("reproducibility" OR "validity" OR "reliability") • Cochrane: "doença arterial periférica" AND "índice tornozelo-braquial", (Portuguese for "arterial peripheral disease" and "ankle-brachial index" respectively).
The studies chosen for this integrative review met the following criteria: they discuss the subject of interest; they are primary studies; their abstracts and full text are available in the databases listed above and they were published in Portuguese, English or Spanish in 2008 or later.
Studies were excluded if they compared oscillometric devices with the results of arteriography or other methods, if they were about non-conventional oscillometric devices (for example: BOSO ® , CASMED ® ), if they were about measurement of the toe-brachial index or if they were duplicated.
The flow diagram (Figure 1 ) summarizes the article selection process.
INTRODUCTION
Peripheral arterial occlusive disease (PAOD) of the lower limbs is an atherosclerotic syndrome with very high prevalence worldwide, especially among the over-fifties. 1 It has been associated with reduced quality of life, with higher mortality and with occurrence of fatal and nonfatal ischemic events, such as cerebral vascular accidents, myocardial infarctions and angina. 2, 3 The clinical course of PAOD includes significant compromise of functionality related to lower limb symptoms, which vary from compromised ability to walk to claudication, pain at rest and gangrene. 4 While PAOD has been well-described as a clinical entity, patients are still being under-diagnosed and under-treated, probably because more than half of PAOD patients are asymptomatic. Additionally, since this is a disease that primarily affects elderly people, patients may misinterpret or fail to describe their symptoms, believing them to be problems that are typical of their age.
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It is not therefore adequate to base screening and diagnosis of PAOD only on reported symptoms. One of the most important clinical methods available for PAOD screening is the ankle-brachial index (ABI), which has come to be considered a useful tool for evaluating the natural history of the disease in affected patients, in addition to also being useful for screening for PAOD among asymptomatic individuals. It is a simple, reproducible, noninvasive and low-cost method based on measuring systolic arterial blood pressure (SBP) in the extremities, with the aid of a vascular Doppler ultrasound machine. The method offers excellent measures of effectiveness when compared to arteriography for diagnosis of arterial occlusions greater than 50% of the lower extremity arterial bed. 5, 6 Despite its proven efficacy and utility for diagnosis of PAOD, the need for equipment (a vascular Doppler ultrasound machine) and for trained health professionals to operate it is a known barrier to adoption of this diagnostic tool in the many different clinical practice settings. 7 In this context it becomes necessary to determine whether using different devices to measure SBP changes the ABI method's efficacy and reliability. The objective of this study was therefore to conduct an integrative literature review to evaluate the validity, reliability and accuracy of oscillometric devices compared with Doppler for taking measurements to determine ABI.
A data collection instrument previously validated by Ursi 10 was used to extract data from the articles chosen for the review. The instrument collected the following details: title of study; title of periodical; authors; country; language; year of publication; host institution of study; hospital; university; single institution or multicenter study; type of publication; methodological characteristics of study; objectives; sample type; treatment of data; interventions undertaken; results; analysis; implications; evidence level 11 ; methodological rigor assessment, and identification of limitations.
The data thus extracted were analyzed descriptively, making it possible to assess evidence, provide a foundation for practice in both care and research and identify areas of the subject requiring further investigation.
RESULTS
Four primary studies met the eligibility criteria. All were published in English between 2008 and 2010, in periodicals with 2011 impact factors that varied from 0.427 to 1.531. The studies were conducted in France (3) and the United Kingdom (1). The most important data from these studies are summarized in Table 1 .
MacDonald, Froggatt, Lawrence and Blair 12 conducted a study to compare the conventional Doppler method for obtaining ABI with an oscillometric device (OMRON 705CP), in order to verify whether the latter method is sufficiently accurate. They assessed 36 volunteers (69 years old, 69% male, 41.6% diabetic) who had been referred to a vascular clinic for investigation. A total of 72 lower limbs were analyzed, 30% of which had no signs or symptoms of PAOD. Blood pressures were measured at the ankle and arm for all volunteers using three different methods: (1) conventional aneroid sphygmomanometer and portable Doppler machine; (2) oscillometric device; and (3) oscillometric device and portable Doppler machine. A standard size cuff (13 cm) was used for all measurements. Measurements were taken by two experienced physicians and a vascular nurse. The authors found that when the oscillometric device was used alone it failed to detect ankle SBP in 11 out of the 16 cases in which patients had very low pressures. The mean difference between ABI results for methods 1 and The oscillometric device achieved a sensitivity for detecting pathological ABIs of 92%, with specificity of 98%, a positive predictive value of 86% and a negative predictive value of 99%. The oscillometric device achieved accuracy of 97% and the agreement was rated as excellent (Kappa = 0.87). These authors concluded that commercially-available oscillometric devices are viable, easy to use, rapid and precise for detecting normal and pathological ABIs. The fourth study selected for review 14 was conducted with the objective of testing the validity and reliability of using an oscillometric device (OMRON M6) to measure ABI, compared with measurement using Doppler. Cuff sizes were selected as appropriate to fit subjects' limbs. Measurements of SBP were taken at the brachial, pedal and posterior tibial arteries, all by a single examiner with experience in use of the Doppler technique. The ABI calculation used was to divide the highest ankle pressure by the highest pressure measured in the arms. A total of 243 patients (79.6 years, 48.4% males) admitted to a general hospital with no diagnosis of PAOD were assessed, including 6.3% smokers, 16.8% diabetics, 58.4% with hypertension, 31.2% with hypercholesterolemia and 14% who were obese. Patients with noncompressible arteries (ABI > 1.30) and with atrial fibrillation were excluded. There was a statistically significant difference but the correlation between methods 1 and 3 was better (r = 0.899). These authors do not recommend using the oscillometric device alone, but conclude that it was accurate enough for use in clinical practice and that its accuracy improved when used in conjunction with the Doppler machine.
Aboyans et al. 13 tested the validity and reliability of two alternative methods for determination of ABI (palpation of pulses and oscillometric devices) and compared them with the conventional Doppler method. They enrolled 54 people on the study (58.2 ± 17.1 years; 51.8% do male sex), ten of whom were healthy. The patients had been referred to a vascular laboratory for investigation of suspected intermittent claudication or subclinical PAOD and confirmed atherosclerotic disease or a major cardiovascular risk factor. Patients with confirmed PAOD were excluded. Each patient was assessed by two physicians, who took SBP measurements at all four limbs (brachial, pedal and posterior tibial arteries) by palpation, using Doppler and using an oscillometric device (ProM, Spengler, Cachan, France). The physicians were blinded to the SBP values, which were recorded by a vascular nurse. The first examiner repeated SBP measurements using palpation and Doppler. Brachial, pedal and posterior tibial arteries were examined. The same size cuff was used for all measurements. Doppler ABIs were calculated by dividing the highest pressure detected at each ankle by the mean of the SBPs detected in both arms. The results showed that obtaining ABIs using oscillometric devices was more specific than sensitive for detecting ABI < 0.90. It should also be emphasized that the two observers achieved very different sensitivity and specificity when determining ABI with the oscillometric device, with sensitivities of 76% vs. 58.3%, and specificities of 96.4% vs. 89.3%. One of these assessors produced significantly higher ABI results using the oscillometric device than using the Doppler method. The interobserver reproducibility for ABI determination with the oscillometric device was poor, when compared with the Doppler machine (p<0.05). These authors observed that the ABI values obtained with an oscillometric device are unreliable when assessing a mixed population including healthy people, patients at risk of PAOD and those with a suspicion of the disease and concluded that Doppler is indispensable for accurate measurements. They suggested that further research is required to develop a more simple method for measuring ABI.
A French study 3 was conducted with the objective of assessing the viability, time taken and accuracy observational and quantitative. However, they differ greatly in terms of the profiles of the patients studied and/or the methodological procedures used to compare the Doppler method with methods employing oscillometric devices, making it difficult to compare them against each other.
Two studies assessed populations at risk of PAOD or with suspected PAOD and one of them excluded patients with confirmed PAOD. With regard to the methodological procedures, in one of the studies the examiners were blinded to the ABI measurements taken. Failure to blind can introduce important bias into this type of study. Additionally, the number of pressure measurements taken also varied. While one study disregarded the first measurement taken, others took repeated measures. A lack of standardization of the procedures used to measure arterial blood pressure can also compromise comparison of results.
Three studies provided sensitivity, specificity, accuracy and positive and negative predictive values. However, their results were substantially different, which could be explained by the profiles of the patients studied and/or by the different methodological procedures used to select patients and to measure ABI.
The studies also conflict in terms of whether or not they concluded that oscillometric devices could be recommended for measuring ABI. While two studies categorically stated that oscillometric devices are unreliable for this application, the other two suggested that they could be used in clinical practice.
There are reports in the literature that employing oscillometric devices leads to overestimation of ankle pressures. Since low SBP in the lower limbs is a marker of severe deterioration in arterial blood flow, the ABIs of a high-risk population could therefore be incorrectly classified as normal. It should be remembered that oscillometric devices are designed to measure SBP within or above the range of normality and therefore when blood pressure is low the measurements may lack precision, with a direct and negative impact on the devices' reliability for measuring ABI.
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CONCLUSIONS
This review has highlighted the scarcity of studies investigating the validity, reliability and accuracy of oscillometric devices for measuring ABI, in comparison with the Doppler method. A series of differences in study populations and in the methodological procedures used to calculate ABIs meant that it was not possible to compare those studies that do exist. It can therefore be concluded between ABI measurements acquired using the two different methods, with a mean difference of 0.081 (p<0.0001). Reliability varied from poor to moderate and the Bland-Altman test showed that agreement was not good. The oscillometric device achieved 34.8% sensitivity for determining the presence of clinically detectable PAOD, specificity of 96.2% and positive and negative predictive values of 58.4% and 90.5% respectively. These authors concluded that, despite its practical advantages, the oscillometric device cannot be considered an alternative to Doppler for determination of ABI when screening undiagnosed populations for PAOD. In this case, ABI measurements obtained using the oscillometric device were unreliable.
DISCUSSION
This review collects together the results of studies that have assessed the validity, reliability and accuracy of ABI measurements using both Doppler and oscillometric devices. The decision was taken to only include studies that investigated conventional oscillometric devices because these are the most accessible type for use in many different clinical scenarios, particularly in primary care settings. It should also be pointed out that all of the oscillometric devices investigated in the studies included in this review have been validated for use in clinical practice. 15 It is known that the ABI is an important clinical tool for screening for PAOD, because many patients with this disease are asymptomatic. 6 A diagnosis of PAOD identifies patients as being at high risk of cardiovascular events and is therefore important from a public health perspective. 6 The ABI is undeniably a reliable method when it is calculated from measurements taken using Doppler. However, there are several barriers to its use in clinical practice, including the need for training and continuous practice to ensure the technique is correctly performed, the cost of acquiring the Doppler machine itself and the time taken to conduct the procedure. [14] [15] [16] This is why development of an alternative technique could contribute to widening the range of scenarios in which ABI is assessed.
Many different strategies have been tested for measuring ABI, 13, 17 but oscillometric devices are of particular interest because these machines have been widely adopted in clinical practice and, in general, health professionals learn to use them when they are first trained.
Four studies met the eligibility criteria for this integrative review, since they were all cross-sectional,
